Loop 


- Efficient radiation of RF power 


- Good match to transmitter for best 
power coupling 


- Electric charge under acceleration will 
produce electromagnetic radiation 


- Aconstantly varying magnetic field 
will produce electromagnetic radiation 


- Maxwells Equations - a set of four 
equations that govern electric and 
magnetic fields 


1 and 2 show electric and magnetic field divergence 


3 and 4 show curl, or the way the fields wrap around a generator 
3 is Faraday’s Law, and shows the electric field curl is proportional to the rate of change of the magnetic field with respect to time. That is, a changing magnetic field 


gives rise to a changing electric field. 
4 is Ampere’s law, and shows magnetic field curl is proportional to the rate of change of the electric field with respect to time. That is, a changing electric field gives rise 


to a changing magnetic field. 


- Achanging magnetic field gives rise 
to a changing electric field 


- Achanging electric field gives rise to 
a changing magnetic field 


- This gives us a self-propagating set of 
fields! 


So, if a changing electric field gives rise to a changing magnetic field, and a changing magnetic field gives rise to a changing electric field... 


Mention that a changing magnetic field can also be used to start this, the mag loop antenna principle! 


- For an antenna to be efficient, we want 
it to radiate most of the power we 
send to it 


- Transmitter power that heats the 
wiring doesn’t contribute to radiating! 


- Alow impedance gives us lots of current, 
but with a lower voltage change over the 
antenna. 


- That means less acceleration of charge, but 
more charge being accelerated, and soa 
wash for radiated power 


- But... low impedance means higher currents 


Presistive =I2R_ _... wiring and ground losses! 


There ain’t no such thing as a free lunch! 


- Antenna efficiency tends to drop for 
sizes below 1/8 wavelength. 


- Smaller charge under acceleration 


- Less acceleration from voltage 
gradient 


- More losses in matching mechanisms 
and ground 


- Length much smaller than 1 wavelength 


- Very low radiation resistance or impedance 


- Raises the significance of DC or resistive 
losses 


- High reactance needs to be cancelled out 


- Radiation patterns not intuitive 


The antenna presents a very low radiation resistance or impedance, so ordinary resistive losses in wire may equal or exceed the radiation resistance. That means more 
power turns into heat and less is radiated. The antenna is not naturally resonant, so matching it to the transmitter is trickier. Finally, the radiation pattern is 
counterintuitive. 


- The length is typically on the order of 
1/10 wavelength. 


- The RF current flowing around the 
loop is effectively equal in phase and 
amplitude at all points around the loop 


- The fields generated cancel out 
broadside to the loop! 


The length is typically on the order of 1/10 
wavelength, so the RF current flowing 
around the loop is effectively equal in phase 
and amplitude at all points around the loop 


Broadside, all parts of the loop are equally 
distant from the measurement point, and the 


fields all cancel out! 
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With a dipole, the electric field is strongest broadside to the element. With our small ‘magnetic’ loop, the files is minimal broadside to the loop, and maximum in the 
plane of the loop! The antenna has very pronounced NULLs at right angles to the loop. 


- Antenna efficiency is given by the radiation 
resistance divided by the sum of radiation 
and loss resistance. 


- Efficiency = Rr/ (Rr + Ri) 


Losses are things like DC resistance of the wiring, dielectric losses in any insulation, and so on. 


Ohm’s Law gives us a power equation 


R=P/f 


If we sum up the radiated power from our loop 
and integrate this with the current we get: 


Rr = 31,200 (A/22)2 
A is area of our loop, and A is our operating 
wavelength 


Radiation resistance is proportional to the area of the loop squared at any given wavelength. Smaller loops have less radiation resistance, making even small losses use 


up more of our total power 


- Area is not particularly convenient, but it is 
proportional to the radius, diameter, or 
circumference squared. We usually know 
how much conductor makes up the 
antenna circumference. 


R; = 197 (C/)A)4 


- Cis the circumference of our loop, and A is 
our operating wavelength 


R; = 197 (C/A)4 


- Even a small change in circumference can 
greatly change the radiation resistance. 


- We want radiation resistance R; high 
compared to the loss resistance Ri for best 
efficiency. 


Efficiency = R,-/ (Rr + Ri) 


Efficiency = R,-/ (Rr + Ri) 


- Making the loop larger improves efficiency 


- Reducing resistive losses, as with a larger 
diameter conductor, improves efficiency 


- Minimizing ‘skin effect’ losses also helps 


Efficiency = R,-/ (Rr + Ri) 


- Adding turns (n) to the loop raises 
radiation resistance, improving efficiency 


RR, = 197 n2 (C /A)4 


- Adding a high permeability core (ver) such 
as ferrite improves efficiency as well 


R; = 197 n2 Ver (C / d)4 


More turns, the same method used to raise inductance of a coil, raises radiation resistance and improves efficiency. 


- Both of these are ‘small loop’ antennas! 


In terms of sheer quantity, the ferrite core loop antenna is the most popular, being found in millions of AM radios. 


They do not work so well for transmitting, as something called the ‘proximity effect’ between loop turns increases skin effect losses; 


- Adding turns (n) to the loop raises 
radiation resistance, improving 
efficiency... 


- But, when transmitting, the proximity effect 
between loop turns increases skin effect 
losses 


- An 8 turn loop with calculated 10% 
efficiency may have just 3% efficiency 
when proximity effect is considered. 


- When transmitting at 100 watts, currents of 
10s of amperes may be developed 


- Voltages of several thousands of volts or 
more may be developed across tuning 
capacitors 


- These also contribute to losses, and 
manufacturing costs, as large conductors 
and welded connections are needed 


- Multi-turn loops with these voltages and 
currents are not all that practical 


- A ferrite core is easily saturated by 
transmission strength magnetic fields, and will 
distort the signal with a nonlinear response 
unless much larger than commercially practical 


- Experiments have been done with 2.2 cubic 
foot ferrite cores, over 600 pounds, at 2 MHz, 
but efficiency remained below 3%. These 
cores were still limited to 5 watts. 


Rr = 197 n?2 ve? (C /A)4 
Efficiency = Rr/ (Rr + Ri) 


- The biggest factor raising radiation 
resistance is the loop circumference 


- Even small resistive losses, as from the 
capacitor contact wipers (0.02 0), has a 
huge impact with low radiation resistance 
(0.1 Q). 


Gapecticr Nebrort 4 
with Turing Mate a 


, 
Jf & 1m - CJ ~N 1 
tf ; 4 . SM” Bio. Tubing tse, +o 
‘ he” eee “a NA ae if Ss, 


i xs ay 4 \Y j “ Sy 


Pea A / Mf 
> F 
| t e = FF S 
x Nani ce 
ia 
i aching te 
5 Le Ne awuh ’ af “ 
“N re | Ceugsieg \) 
+ y Pen / 
‘ of) 7 | 3) | rh 
ind ‘ ay Oa i Af 
Ss of A Ss 
— 45 bow 
Trp. 8 Gan 


Cla = ols 


: : soso 1an00 | Tae! 
° 
i =| at ar Com Commecor “Sap Matur Cone 


' Ons 
aMTtste 


Cras Sebo 
~ 


Army Loop W5QJR/Hart Loop Coupling Loop 


- Even with just 100 watts of transmitter 
power, voltages of several thousand volts 
and circulating currents of 30 amps or 
more can be developed in a 3’ diameter 
loop, with circulating reactive power in 
excess of 100 KVA! 


- Care is needed in the construction and 


operation of these small antennas. 


Demonstration 


- Equipment setup 


- Operation and tuning of the loop 


- Bandwidth, using analyzer spectrum 
sweep 


- Any questions on tonight’s topic? 


- Any pithy commentary? 


